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I . INTRODUCTION 
P r o p y l e n e n h t h a l a t e f a l l s u n d e r t h e g e n e r a l c l a s s i f x c a t i o n 
o f a l k y d r e s i n s . I t i s t h e c o n c e n s a t i o n p r o d u c t o f a p o l " ] y c : r i c 
a l c o h o l ana a p o l Y b n s l c a c i d . The s t a r t i n a r ) r o c u c t s u s e d i n t h i s 
e x p e r i m e n t u e r e -Dro-oylene gl'^-col anc n h t h a l i c a n i r - d r i d e . 'the r a t e 
o f p o l y m e r i z a t i o n was s t u a i e d f r o m s e v e r a l v i e w p o i n t s . The v a r i -
a b l e s p r e s e n t i n t s s i s r e a c t i o n a r e : t h e t e m p e r a t u r e a t w h i c h t h e 
r e a c t i o n t a l e s p l a c e , t h e t i m e o f I ' e a c t i o n and t h e c o n c e n t r a t i o n 
o f t h e r e a c t i n a • D r o c u c t s . Prom t h i s i t a t once becomes ap; a r e n t 
t h a t no s i m p l e p i c t u r e c a n be craven. The r a t e o f r e a c t i o n was 
f o l l o w e d bv a o u a n t i t a t i v e a e t e n n i n a t i o n f o r t h e amount o f f r e e 
p h t h a l i c a c i c i p r e s e n t . Due t o t h e c o n d e n s a t i o n n a t u r e of t h e 
r e a c t i o n t h e w a t e r l i b e r a t e c c o n v e r t s t h e p h t h a l i c anh^'dride t o 
f r e e p h t h a l i c a c i d , d i t h c o n t i n u e d h e a t i n g t h e w a t e r f o r m e d c o n -
d e n s e s , and t h e a c i a and t h e a n h w c i r i d e r e a c t wi.th t h e g l ^ ^ c o l t o 
f o r m t h e pol^^mer, 
I I H I S T O R I C A L 
The a l k y d r e s i n s w e r e f i r s t r e p o r t e o i n t h e l i t e r a t u r e i n 
1901 . The r e a c t i o n r e p o r t e d was t h e f o r m a t i o n o f g l ^ ^ c e r y l n h t h a l -
a t e f r o i n c l y c e i c i n a n a p h t h a l i c a n h w a r i d e . Nothin:: i m c h was ""heard 
u n t i l i s l b "Aien Ai'sem a n a E o w e l l a i v u l y e d m o d i f i c a t i o n s w i t h o l e i c 
a c i d and. c a s t o r o i l r e s p e c t i v e l w , v i a p a t e n t s . .11 ti;;.ou,'vh t h e s e w e r e 
n o t t h e onl"" p a t e n t s o b t a i n e d i n t h e s e e a r l y do?rs, t h e h i g h c o s t 
o f p h t h a l i c a n h c w i r i d e c r e a t e d no i n c e n t i v e f o r p r a c t i c a l d e v e l o p -
ment. 
D u r i n g T o r l c l a r I t h e D i b b s - C o n o v e r p r o c e s s f o r t h e manai-
f a . c t u r e o f p i i t h a l i c a n i m d r i d e by t h e c a t a l y t i c ox5 d a t i o n o f n s p h -
t h a l e n s was i n t r o d u c e d , d a i s 'xxce l o w c o s t p h t h a l i c a n h " i r i de 
c o m m e r c i a l l y a v a i l a b l e . I t a l s o r e n e w e d i n t e r e s t i n the p h t h a l a t e 
a l k y d r e s i n s , 
V i i t h t h e cheap c o m p e r c i a l p r o d u c t i o n o f o t h e r p o l p b y d r i c 
a l c o h o l s and p o l y b a s i c a c i d s t h e const:; t u e n t s o f t h e r e a c t i o n 
c o u l d be v a r i e d t o meet t h e demands o f t h e h i y h l v c o m p e t i t i v e 
s y n t h e t i c r e s i n i n d u s t r y . Todan a l m o s t any d e s i r e d p l a s t i c p r o d -
u c t c a n be made f r o m p o l y b m c . r i c a l c o h o l s and p o l y b a s i c a c i d s . 
A t r u e p i c t u r e o f how t h e r e a c t i o n s p r o c e e d i s s l o w l y b e i n g 
w o r k e d o u t bm t h e t h e o r e t i c a l c h e m i s t . A l l t h e f a c t s a r e n o t v e t 
known, and some o f tdie " : o r k i s s t i l l i n t h e i n v e s t i y a t i n y s t a r v e . 
As new c h e r n i o a l r : become c o m m e r c i a l l v a v a i l a b l e new r e a c t i o n s a r e 
s t u a i e d . One o f t h o s e new compounds now c o m m e r c i a l l v a v a i l a b l e i s 
p r o p y l e n e y l y c o l , 
I I I E X P E : I l l E a f A L 
S e v e r a l method a w e r e employer- t o d e t e r m i n e t h e r a t e o f r e a c -
t i o n o f p r o p y l e n e y l y c o l w i t h p h t h a l i c a n h y d r i d e . A r a p i d a c c u r a t e 
v o l u m e t r i c method was sop,"ht. T i t r a t i n g t h e c i p o t a s s i u m p h t h a l a t e 
o r i t s a l o o h o l a t e w i t h p e r c h l o r i c a c i d c a n be f o l l o w e d v r i t h s e v -
e r a l i n : p . c m t o r s - - f o r e x a m p l e b r o m p h e n o l b l u e , b r o m c r e s o l p u r p l e , 
and m e t h v l v i o l e t . The m a i c r cisadvanta;':e o f t h e n e t h e r i s t h a t 
t h e r e a c t i c r i -"ust be p e c f o r m e c i n t h e pbeence o f w a t e r , 
u n o t h e r methoc was t r i e ^ w h e r e t h e sample i s w e i r h e d c u t and 
d i s s o l v e d i n b e n z e n e . The s o l u t i o n i s t h e n s a p o n i f i e c b v r e f ' l u x i n y 
w i t h .tN a l c o h o l i c p o t a s s i i x o hmdroxicd'. T h i s i s a t i m e c o n s u m i n y 
p r o c e a u r e f o r t h e s c p o n i f i c ^ t i c n m u s t be c s r r i e d out s l o w l r , r e f l -
u x i n e ; f o r a b o u t an h o u r a n d a h a l f . 
The ia.ost s a t i s f a c t o r y m e t n c d f o u n d was t h a t o f a s i n i n l e t i t r -
a t i o n o f t h e s a m p l e w i t h p o t a s s i u m h v d r o x i d e . The sample was d i s s -
o l v e d i n a n h y d r o u s m e t r y v l a l c o h o l and t i t r a t e d w i t h . a 2 5 N p o t a s s -
ium i y r c r o x i d e . The s n m p l e s t a k e n r a n g e d f r o m . 1 t o . 3 a r a j i i s , and 
w e r e d i s s o l v e d i n pO m l . o f a n h m r o u s meths:=-l a l c o h o l , f h e t i m e r e -
q u i r e d t o c::issolve t h e s s m o l e n e v e r e x c e e d e d 13 m i n u t e s . S i n c e s u c h 
s m a l l s a m p l e s w e r e t a k e n t h e KCE u s e d was o n l y , 0 2 5 N . 
S i n c e t h e r e a r e t h r e e v a r i a b l e s t o be t a k e n i n t o c o n s i d e r n t i o n 
v a r i o u s methods w e r e employed t o d e t e r m i n e t h e r a t e o f p o l y m e r i s a -
t i o n . The c o n c e n t r a t i o n vcas x i x e d a t a s p e c i f i c c o m p o s i t i o n b y 
c a r e f u l l y f j e i y h i n a t h e s t a r t i n g p r o d u c t s . To d e t e n r i i n e t h e e f f e c t 
o f t e m p e r a t u r e and t i m e t h r e e s e p a r a t e d e t e r m i n a t i o n s w e r e made. 
To c a l c u l a t e t h e i n i l u e n c e o f t e m p e r a t u r e Y v i t h o u t t a k i n g t h e t i m e 
i n t o c o n s i d e r a t i o n t h e t e m p e r a t u r e was g r a d u a l l y i n c r e a s e d , and 
s s m p l e s w e r e t a k e n a t s p e c i f i c t e m p e r a t u r e s . The s - m n l e s o'ere t a k e n 
e v e r y 2 0 d e g r e e s s t a r t i n g a t 130° 0. a n d c o n t i n u i n g t o 2 3 0 ° G. 
T y p i c a l r e s u l t s a r e r e c o r d e d i n T a b l e 1 . 
T e m p e r a t u r e V/ei'hit o f m l . .OOph m l . KOH 
d e g r e e s C. samp, i n gpms, KOH gms. samp. 
1 3 0 . 2 1 3 9 1 6.23 7 6 . 0 
1 7 0 .193i!- 1 6 . 0 0 8 2 . 7 
1 9 0 . 1 . 3 9 5 I E . 1 0 8 8 . I L 
2 1 0 . 1 1 3 6 1 2 . 7 0 1 1 1 . 8 • 
2 3 0 . 0 9 5 5 1 0 . 1 5 1 0 6 . k 
T a b l e 1 . E r a d u a l I n c r e a s e i n T e m p e r a t u r e o v e r One Hour ^ e r i o d 
S i n c e t h e r a t e o f a c i d l o n o o t i o n c a n be f o l l o w e d b ^ c a l c u l a -
t i n g t h e amount o f p o t a s s i u m h s ^ d r o x i d e n e c e s s a r y t o n e u t r a l ' z e 
t h e a c i d , t h e amount o f f r e e p h t h a l i c a c i d need n o t be c a l c u l a t e d . 
I f t h i s v a l u e i s d e s i r e d i t m u s t he remembered t h a t one mole o f 
p h t h a l i . c a c i d r e q u i r e ; two m o l e s o f p o t a s s i u m h y d r o x i d e . 
I n o r d e r t o a c t e m i n e t h e e f f e c t o f t h e t e m p e r a t u r e v / i t h r e -
s p e c t t o t i m e , t h e r e a c t i o n t e m p e r a t u r e w s s i n c r e a s e d s t e p w i s e b y 
20 d e g r e e s s t a r t i n g a t 150° and c o n t i n u i n g t o 230° C. E a c h s p e c i f i c 
t e m p e r a t u r e was m a i n t a i n e d f o r 35 m i n u t e s a f t e r w h i c h a sample was 
t a k e n , ' . l y p i c a l r e s u l t s a r e t a b u l a t e a i n f a b l e 2 . 
T e m p e r a t u r e W e i g h t o f m l . .025h m l . f C g 
d e g r e e s G. samp, i n gms, EOH gms, s a n p . 
150 .1629 1 3 . 0 0 79.8 
1 7 0 . 2 3 L i L 26.20 111.5 
190 . l85l! - 25.22 136 .1 
2 1 0 .1296 0.68 , • 7i:..8 
230 .1507 3.12 , 2 0 . 7 
T a b l e 2 , i i e l a t i o n s h i p b e t w e e n T r e e moid and I n c r e a s i n g 
t h e T e m p e r a t u r e S t e p l i s e 
The a c t u a l amount o f f r e e a c i d n e e d n o t be d e t e r m i n e d , f o r 
t h e amount o f p o t a s s i u m I r r d r o x i d e needec i s e i r c c t l v proport:^ o n a l 
t o t h e amount o f f r e e a c i a p r e s e n t . 
The e f h e c t o f t i m e a l o n e was d e t e r m i n e d by f i x i n ; the t e m p e r -
a t u r e a t t h e s p e c i f i c v a l u e o f loO° G,, and t a k i n a s a m p l e s e v e r y 
20 m i n u t e s . T y p - ' c a l r e s u l t s a r e g i v e n i n ^ g b i e g. ' 
S i n c e a 20 p e r c e n t p h t h a l i c a n h y d r i d e m i x t u r e w a s u s e d t h e 
c o m p o s i t i o n was f i x e d f n r o u g h o u t t h i s d e t e r m i n a t i o n . The t e m p e r a -
t u r e m a i n t a i n e d , t h r o u ^ h t o u t t h i s p a r t o f t h e p r o c e d u r e was a p p r o x -
i m a t e l T 160° C. The a c t u a l t e m p e r a t u r e v a r i e d fx'om 155° G. t o 165° 
C e n t i g r a d e . The h e a t i n g was done i n an open b e a k e r s e t i n an o i l 
b a t h . H i g h e r t e m p e r a t u r e s v/ere a v o i d e c s i n c e t h e p h t h a l i c a n h y d -
r i d e s t a r t s t o s u b l i m e from t h e r e a c t i o n v e s s e l a t a n p r o x i m a t e l v 
200*^ G.J anc I t uould riave been i i ^ n o s e l b l e t o detemnxne the amount 
of p h t l i a l i c anri:Gria.e l o s t i n t h i s manner. 
Time i n heipmt of m l . . 0 2 g H ml. KOH 
minutes sam^^, i n gms, KOH gitis, samn, ^ 
0 . 1 5 6 0 1 1 . 2 2 72 . 0 
20 . 1 7 2 0 . 1 3 . 0 5 7 5 . 9 
I4-0 . 2 3 9 7 i G . L o 8 1 . 0 
6 0 ' . 2 0 k 2 1 7 . 5 6 8 5 . 9 
80 . 1 8 3 6 1 6 . 5 0 9 0 . 0 / • 
100 • . 2 2 5 5 2 3 , 8 0 109 . 5 
1 2 0 . 2 0 2 3 2 5 . 1 5 1 2 0 . 0 
1 0 0 • . 2 6 9 5 3 5 . 9 5 1 3 1 . 7 
loO . 15- .7 22.12 l i a . 2 
1 8 0 . 1 3 3 5 20.90 196 . 5 • 
2 0 0 . 1 6 5 8 2 k . 9 5 1 9 1 . 5 
2 2 0 .h 11 2 1 . 7 7 158-. 0 
2 k 0 . 2 0 7 5 3 1 . 0 5 l b h , 5 
2 6 0 . 2 2 7 8 3 3 . 5 5 l k 7 . 2 
2 8 0 . 2 3 2 6 3 3 . 3 1 1 8 . 3 . 1 
3 0 0 , 1 5 6 9 2 1 . 7 5 1 3 8 ^ 5 
320 . 1 7 9 3 2 3 . 0 2 1 3 l u 5 
3)-0 . 1 22 2 0 . 0 0 1 3 1 . 3 
Table 3 . Gela.tionshin betmeen Tree /:cid and Time of l i e a c t ^ 'n 
The d x s s c ~ v i n ^ a ̂  ent usee shoxilc' g i v e a n e u t r a l r e a c t i o n t o 
the x'x xe'- t o r used i n t:.n v o l u m e t r i c anal-'-sxs of tixe samnle. o e t h T 
a l c o h o l : l u l f i l s the r e c a i i r e m e n t s , s i n c e i t I s an e x c e l l e n t s o l v e n t 
f o r the r e s x n j and r e a c t s n e u t r a l t o t;ie :^ndicator. The i n d i c a t o r 
_7-
used was phenol r e d . l o r t h i s t i t r a t i o n phenol r e d gave a sharp 
end. p o i n t , and c o n s i s t a n t r e s u l t s xiere o b t a i n e d . 
The a b s o l u t e v a l u e of the phtho.lic a c i d was not c a l c u l ' ^ t e d , 
and o n l the r e l a f v e nei'centage was conrorted. I n o r d e r to coxnn-
u t e the amount of - n h t h a l i c a c i d p r e s e n t the potassium h y d r o x i d e 
must be s t a n d a r d i z e d , and the nponer n e u t r a l i z a t i o n f a c t o r "oust 
be enroloyed. I t must be remembered t h a t the n h t h a l i c a c i d has two 
carbox;-l gx'oups and would, t h e r e f o r e , r e o u i r e tioo moles of n o t a s s -
ium 'irrdroxi-de t o n e r t r a l i z e one mole of n h t h a l i c a c i d . The r a t e of 
the p o l ' T m c r i z a t i o n react:^.on can he followed, l u s t as e a s i h ' b"a 
u s i n g the amount of p o t a s s i u m h y d r o x i d e r e q u i r e d t o n e u t r a l i z e 
one gram of s;am"'le. T h i s l s . t t e r methoC' "was em"nloTed i n t h i s d e t e r -
m i n a t i o n . 
The n rcblem of tecrmioue i s an i m n o r t a n t one , or the a.nal7t-
i c a l c h e m i s t . S i n c e the r e s i n i n c r e a s e s i n v i s c c s l t " and a d h e s i v e -
n e s s as the r e a c t i o n nrc-vresses a method, f o r t^ei-hinm one f . t r o t -
i n g the somple had to be d e v i s e d . The method employed v/as r e i . r t i v e 
l y s i m p l e and gave s a t i s f c t b r g r e s u l t s . The samples "were t"hen 
from the r e a c t i o n v e s s e l b'̂  means of a s t i r r i n g r o d , and t r a n s f e r -
ed. 'to n r e v i c u s l y weighed c r u c i b l e s . The soir!"ale n l u s the cruc:^hle 
¥/as weighed on the a n a l y t i c a l b a l a n c e to detejgmine the e x a c t wei-:-
h t of the sample. Due t o t.ae h i oh. v i s c o s i t y and a d h e s i v e n e s s i t 
i s v i r t u a l l ; - i m p o s s i b l e t o t r a n s f e r the sam-nle from the c r u c i b l e 
to an E r l e n m e v e r f l a s k or b e s k e r , t h e r e f o r e , the sam"ole n l u s the 
c r u c i b l e v/ss .placeo i n t o an Br 1 era-iever f l a s k and the s o l v e n t was 
Prided. T h i s method oave c c n s i s t s n t o u a n t i t a t i v e r e s u l t s . 
The c o m p o s i t i o n of the r e s i n wos v a r i e d u s i n g d i f f e r e n t prop 
o p t i o n s of n r o n y l e n e g3n'col an;:; n h t h a l i c a n h y d r i c o , s t a r t i n g w i t h 
a 10 n e r c e n t n h t h a l i c aninrdride c o m n c s i t i o n , Diffeir^ent comnos^ t -
i o n s wore made up from a low 10 p e r c e n t n h t h a l i c anhydride t o a 
medium 90 p e r c e n t p h t h a l i c anhydride comnonition e:-ch one 10 n e r -
c e n t h i g h e r t h a n the n r e v i c u s one. These compositions were snh-
j e c t e d t o g r a d u a l i n c r e a s e s i n nhe t c m n c r a t u r e . The time was not 
c o n t r o l l e d and v a r i e d from two to f o u r h o u r s , I n a l l c a s e s the 
r e s i n f o r i i ? t i o n seemed t o b e g i n a t a n n r o x i m a t e l y 200 degrees. T h i s 
was Independent of the co m p o s i t i o n ane the time. One ICY/ p e r c e n t -
age r e s i n s were j u s t as v i s c o u s as the h i g h percentage r e s i n s a t 
t h i s t emperature. The low p h t h a l i c anhydride comno:-n.t" on r^:sinE 
gave a s o f t p o l y e s t e r as the end p r o d u c t , Y/hile the h i g h e r c^-nc-
e n t r a t i o n o f p h t h a l i c anhydride gave a h a r d b r i t t l e r e s i n s the 
enr oroduct. S i n c e the time v/as not control;! ed no def-'nTte con-
c l u s i o n s can be orawn from t h i s p a r t of the exper i m e n t , e x c e p t 
t h a t i n c r e a s i n g the n h t h a l i c a nhydride content i n c r e a s e s the h a r d -
ness Oi the r e s i n . 
I V GONGLUSIGNS 
The g r a d u a l i n c r e a s e of the temperature shows t h a t the a c i d -
i t y of the m i x t u r e i n c r e a s e s t o a c e r t a i n n o i n t where f u r t h e r 
h e a t i n g d i m i n i s h e s the a c i d i t y . S i n c e b o t h n h t h a l i c anhydride and 
p h t h a l i c a c i d a r e i n s o l u b l e i n w a t e r an anhydrous s o l v e n t v/as used 
The t i t r a t i o n showed t h a t t h e r e was a d e f i n i t e i n c r e a s e i n the 
amount of p h t h a l i c a c i d , and s i n c e t he p i h t h a l i c a c i d was found t o 
be i n s o l u b l e i n w a t e r i t must be assumed t h a t t he i n c r e a s e of the 
a c i d must be due to the r e a c t i o n i t s e l f . T h i s can r e a d i l y be ex-
p l a i n e d by the type of p o l y m e r i s a t i o n t h a t t a k e s p l a c e i n the f o r -
m ation of the allcyd r e s i n s . S i n c e the p o l y m e r i z a t i o n i s d e f i n i t e l y 
c o n a o r i s a t i o n n o l y m e r i z a t i o n v/ater must be g i v e n o f f v/hen the h"dr-
o x y l grouns of the p r o n y l e n e glmcol r e a c t v/ith the p h t h a l i c anhyd-
r i d e . The w a t e r g i v e n o f f h y d r o l y z e s the p h t h a l i c anhydride t o the 
p h t h a l i c a c i d . The p h t h a l i c a c i d can be rneasnred q u a n t i t a t i v e l y " by 
t i t r a t i n g w i t h -octassium h y d r o x i d e , .-.a the h e a t i n g c o n t i n u e s t h e r e 
i s a s n i f t from the a c i d t o the anrrrdride due to the v a p o r i z a t i o n 
of the w a t e r . At the same time the n h t h a l i c a c i c i s r e a c t i n g w i t h 
the p ropylene g l y c o l :L'orminy the polymer. T h i s can be shown by the 
d ecrease of the f r e e p h t h a l i c a c i d n r e s e n t i t the end of the r e a c -
t i o n . T i g . 1 . shows t h i s d e c r e a s e a t the h i g h e r t e i r i n e r a t u r e . 
C o n t r o l l i n g b o t h the time and the temperature shows a s i m i l a r 
r e s u l t . The f r e e a c i o c o n t e n t i n c r e a s e d a t the b e g i n n i n g of the 
r e a c t i o n and decreased as the r e a c t i o n c o n t i n u e d , - h i s change i s 
shovm i n wig. 2. from t n i s ' d a t a I t can be shown t h a t b o t h en i n -
c r e a s e of temperature and time i n c r e a s e s the r a t e of r e s i n form-
a t i o n . The c e c r e a s e of the f r e e r>htha.lic a c i d was g r e a t e r than 
when; the r e a c t i o n wa:" c a r r i e d out over a g r a d u a l i n c r e a s e of the 
temneratux^e v h i l e not t a k i n r the time of r e a c t i o n i n t o cons ' a e r -
a t i o n . Arom t h i s we can draw the c o n c l u s i o n t h a t the rei-ct'lon 
w i l l go to c ompletion i f the temperature I s s u f . i l c i e n t l " - h i g h and 
the time i s s u f f i c i e n t l y l o n g , whe r e s i n produced v:;ae h a r d hut 
not b r ' t t l s . T h i s can be e x n l a i n e d b" the f a c t t h a t the n h t h a l i c 
aniiudride n e r c e n t a g n v/as l e w , s i n c e a 20 n e r c e n t g;ixture was em-
•Dlo"'ed i n t h i s d e t e r m i n a t i o n , a f t e r a l l the n h t h a l i c anlr"dride 
had r e a c t e d t h e r e was s t i l l an e x c e s s of nronwlene g l y c o l . The' 
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gl'gcol b e i n g a l l c u y y : rjcr-i ^ tend t o lorg] a s o f t f l e x i b l e r e s i n , 
i f the e x c e s s i s i n c c r p c r a t e d i n t o the pr o p y l e n e n h t h a l a t e . The 
low p e r c e n t a g e content of f r e e a c i d of the f i n a l saxnple shows 
t h a t the r e a c t i o n wae n e a r c o m p l e t i o n . 
When the time was the lone f a c t o r t h a t was v a r i a b l e the f r e e 
n h t h a l i c ach-" -nesect i-;creased a t a rnixch s l o w e r r a t e than when 
the tem'-^c ly-je was i n c r e a s e d , as can be seen from T i g . 3» i t the 
r e l a t i v e l y low teraoerature of l 6 0 degrees Centigrade the r e a c t i o n 
nroceede; :-\ch. more slo'"h.gy t h a n a t the h i g h e r temperature and the 
d e c r e a s e i n t ..w/ce a c i c c c r i t e n t as shown by the t i t r a t i o n v/as 
imicri s l o w e r . The i n c r e a s e of the p h t h a l i c a c i d t i t r a t e d extended 
ovee a much long:er rane;e showing t h a t the anhgdride i s b e i n g con-
v e r t e a to t1:e a c i d a t a slov/er r a t e t h a n i f the temperature had 
been h i g h e r . The ' slow d e c r e a s e shows t h a t the r e s i n i s formin~; a t 
a slow steady r a t e . I f t h i s h-d not been the case the curve would 
have t a k e n a s h a m drop and would not have been a s t r a i g h t l i n e 
w i t h a steady s l o n o . 
From these c o n c l u s i o n s we can assume t h a t the c o n t r o l l i n g 
f a c t o r s i n f l u e c i n y the r a t e of p o l y m e r i z a t i o n a r e the temnerature 
and the t i m e . The c o m n c s i t i o n of the s t a r t i n g p r o d u c t s a l s o i n -
f l u e n c e the r e a c t i o n , but s i n c e t h i s was s e t at a s n e c i f i c v a l u e 
i t s i n f l u e n c e cannot be e v a l u a t o o u n t i l more i n f o r m a t i o n i s known 
I t v/as shown t h a t i f the time i s too s h o r t the r e s i n r e s u l t i n g i s 
a s o f t n l i a b l e n c T y e s t e r , w i t h u n r e a c t e d n h t h a l i c a c i d ana n h t h a l 
anj:r;"dride contahned v ; i t h i n the r e s i n . I f tlve temnerature i s too 
low the e v a n o r a t i c n of the v/ater t a k e s n l a c e a t a slow r a t e a l s o 
g i v i n a a s o f t n o l y e s t e r . Tne tvic c o n t r o l i i n g f a c t o r s must be com-
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b i n e d t o ;;;ive the b e s t •oossible r e s u l t s , and fyom th-i, s I t can be 
shoY'n t h a t the tem-nerature must he h i g h enou;hi to e v s n o r a t e the 
w a t e r a t a f a i r l y r a p i a r a t e , ano the time iiiust be Ion;:- enough t o 
g i v e the r e a c t a n t s time to r e a c t to completion.. 
V. SIhhndY 
The r a t e of p o l x m e r i z a t 1 o n i n the f o r m a t i o n of p r o p y l e n e 
n h t h a l a t e has been d i s c u s s e d , as f o l l o w s : the e f f e c t of t i ; - e , the 
e f f e c t of t e m n e r a t u r e , and the combined e f f e c t of the two. These 
two v a r i a b l e f a c t o r s seegi t o have the. g r e a t e s t i n f l u e n c e on the 
r a t e or tne r e a c t i o n . ' 
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